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CLAIMS :T::::r:?:r::::r::: _ ::::?;;::::::: 

[Claim(s)] . . . . . , 4 , A 

[Claim 1] A manufacture method of a semiconductor device characterized by having the 1st production 
process which carries out the mask of the non-opening of concavo-convex structure which has 
semiconductor trench structure or the Kushigata cross-section configuration of the 1st conductivity type, 
and the 2nd production process which a semiconductor epitaxial layer of the 2nd conductivity type is grown 
up alternatively, and embeds said semiconductor trench structure or crevice by said semiconductor epitaxial 
layer in the interior of said semiconductor trench structure, or a crevice. 

[Claim 2] A manufacture method of a semiconductor device according to claim 1 that a manufacture method 
of said concavo-convex structure is characterized by having the 1st production process which carries out 
the mask of a part of surface of a semiconductor substrate of the 1st conductivity type, and the 2nd 
production process which forms concavo-convex structure of growing up a semiconductor epitaxial layer of 
the 1st conductivity type or the 2nd conductivity type into a portion by which a mask is not carried out at 
this 1 st production process alternatively, and having a cross-section configuration of Kushigata into it. 
[Claim 3] A manufacture method of a semiconductor device characterized by having the 1st production 
process which carries out the mask of a part of surface of a semiconductor substrate of the 1st 
conductivity type and the 2nd production process which forms concavo-convex structure of growing up a 
semiconductor epitaxial layer of the 1 st conductivity type or the 2nd conductivity type into a portion by 
which a mask is not carried out at this 1st production process alternatively, and having a cross-section 
configuration of Kushigata into it. ...... *u 

[Claim 4] A-manufacture method of a semiconductor device according to claim -1 characterized by using the 
rectilinear propagation nature of the atomic line by epitaxy using the atomic line or a molecular beam, or a 
molecular beam, suppressing growth of said semiconductor trench structure or a side wall of a crevice, 
carrying out epitaxial growth only of the pars basilaris ossis occipitalis alternatively, and embedding. 
[Claim 5] A manufacture method of a semiconductor device according to claim 4 characterized by an angle 
component of movement of an atom contained in said atomic line or molecular beam or a molecule being 
that to which bearing is equal within 6 degrees from a perpendicular direction of a substrate. 
[Claim 6] A manufacture method of a semiconductor device according to claim 1 characterized by using the 
anisotropy growth effect by vapor growth or liquid phase grown method, suppressing growth of said 
semiconductor trench structure or a side wall of a crevice, preventing closing opening and space remaining 
in the interior, carrying out epitaxial growth only of the pars basilaris ossis occipitalis alternatively, and 

embedding. , , . „ . , , . ■ . 

[Claim 7] A manufacture method of a semiconductor device according to claim 6 characterized by using said 
liquid phase epitaxy, vapor-depositing a metal of the same component as melt beforehand to said 
semiconductor trench structure or a wall of a crevice in order to prevent a phenomenon in which melt does 
not permeate into the interior of said semiconductor trench structure, or a crevice with surface tension, and 
making melt permeate into the interior of said semiconductor trench structure, or a crevice at the time of 

[Claim 8] A manufacture method of a semiconductor device according to claim 1, 2, or 3 that an angle 
component of movement of an atom contained in said atomic line or molecular beam by the atomic line or 
molecular beam epitaxy or a molecule is characterized by growing up said epitaxial layer by that to which 
bearing is equal within 6 degrees from a perpendicular direction of said semiconductor substrate. 
[Claim 9] A manufacture method of a semiconductor device according to claim 8 characterized by making 
into less than 6 degrees an angle component of movement of an atom contained in said atomic line or 
molecular beam by preparing a pillar in the air in a feed hopper of said atomic line or a molecular beam, or a 
molecule from a perpendicular direction of said semiconductor substrate. 

[Claim 10] claim 1 characterized by field bearing of the surface of this semiconductor substrate being a field 
(1 10) by said semiconductor substrate consisting of silicon thru/or 9 — a manufacture method of a 
semiconductor device given in either. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

mS 1 ilrhnical field to which invention belongs] This invention relates to the manufacture method of the 
Imlcondu"" device Ich equipped details" with the end-fire array semiconductor structure gnj^jctaj 
a raise in pressure-proofing and the formation of high current capacity apphcable to MOSFET Cinsulat ed gate 
field ^ eUcftransiltor), IGBT (insulated-gate bipolar transistor) and a high Poral transfer, d.ode. etc.. and .ts 
structure more about the manufacture method of a semiconductor device. 

TDescriotion of the Prior Art] In order that the conventional high resisting pressure semiconductor device 
mav obt rThigh breakdown voltage, in order to establish the drift region of high spec.f.c resistance ,n a 
pHnc£al Current P aS there was^ problem that the voltage drop of this portion became large and ON state 
voltage became high as the thing of high pressure-proofing. 

JP.7-7154.A. 

fp?Sblem(s) to be Solved by the Invention] In order to form such super-cementation structure the method 
of et i^rf t?nd?^^ with epitaxial growth and the method of repeating ep.tax.al growth and .on 

SSiT^ of forming trench structure and embedding this 

K2S sectio X orde that the damage by etching may remain in a substrate and may . 'e-nove ^ damage, 
the oroduct on process of that trouble [ 1st ] increases, and also it is the process wh.ch forms the h.gh 
Jrench 'structure o ^ an aspect ratio, and is a trouble that the damage which cannot be removed ~ 
[0006] Moreover, the 2nd trouble is a trouble that it is necessary to embed the very deep trench suture 
where an aspect ratio is before and after ten. the opening of a trench ,s closed during growth, and space 
rTmafns "n interior of a trench, when based on the conventional epitaxial growth technology. The 
ndTcator whVch solves this problem by the epitaxial growth to a trench was not g.ven unfl now 
5^ Moreover, by J**^"^ ^^^^1^ ^"^ * 

^"^^^^^^^^^^ repeat of ,itho r phy ar i ion ^rt::*:£ 

K 8 1 S Ttrouble of deteriorating crystal quality. Moreover, since this method was the method of opening 
Xe impurity which d?ove in and made ion the specific location by thermal diffusion, ,t had the problem that 
Jne impurity SsirLtTon in "a super-cementation field was uniform, and this heterogene.ty made a dev.ce 

KfThTSace which this invention was made in view of such a ^^ ^^1^11^^ 
forms the concavo-convex structure equivalent to trench structure of hav.ng the cross-section 
con^guration o^ Kushigata, with alternative epitaxial growth, and is to offer the manufacture method « the 
semkonducfor device which mass-produces quality concavo-convex structure by low cost by the damage 

foO^MoTeover other purposes of this invention embed trench structure or concavo-convex structure 
wit , ce^S^Iffiderit ma8«-production nature with 1 time of epitaxial growth, and are to offer the 
minufaclure" method of the semiconductor device which mass-produces qual.ty super-cementat.on 
structure by low cost by the damage free-lancer. 

Means for Solving the Problem] In order to attain such a purpose, this invention invention according to 
claim 1 The Is? production process which carries out the mask of the non-open.ng of concavo-convex 
stature of having semiconductor trench structure or the Kushigata cross-section conf.gurat.on of the st 
conduc^vS type It is characterized by having the 2nd production process which a semiconductor ep.tax.al 
Tayer of the 2nd conductivity type is grown up alternatively, and embeds sa.d semiconductor trench 
structure or crevice by said semiconductor epitaxial layer in the inter.or of sa.d sem.conductor trench 

SS n U Mor 0 e r ove C r r t V he e i st production process to which, as for invention according to claim 2. a manufacture 
method o^saTconcavo-convex structure carries out the mask of a part of surface of a sem.conductor 
™bs£ate o £ ^conductivity type in invention according to claim 1. A sem.conductor ep.tax.al layer of 
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the 1st conductivity type or the 2nd conductivity type is alternatively grown up into a portion by which i a 
mask is no? carried oJt at this 1 st production process, and it is characterized by having the 2nd ' Production 
Process which forms concavo-convex structure of having a cross-sect.on configuration of Kush.gata. 
^T^^^rtSST»ccor<Bng to claim 3 is characterized by having the 1st production process which 
car ies out the mS of a part of surface of a semiconductor substrate of the 1st conductivity type and the 
2nd production process which forms concavo-convex structure of growing up a «^°"^ "Jj ^ ed 
fayer of the 1 st conductivity type or the 2nd conductivity type into a portion by, • m ^!£to^ 
out at this 1st production process alternatively, and having a cross-section configuration of Kush gate 
foOl 31 Moreover invention according to claim 4 is characterized by using the rectilinear propagation nature 
STe atom1c V Hne bj epitaxy using the atomic line or a molecular beam, or a mo ec ular b-m suppressing 
growth of said semiconductor trench structure or a side wall of a crevice carrying out epitaxial growth only 
of the pars basilaris ossis occipitalis alternatively, and embedding in invention according .to claim 1 
[0014] Moreover, invention according to claim 5 is characterized by an angle 

atom contained in said atomic line or molecular beam or a molecule being that to which bearing is equal 
within 6 degrees from a perpendicular direction of a substrate in invention according to claim +• 
mm 51 Moreover invention according to claim 6 is characterized by using the anisotropy growth effect by 
lapofVowt or iij utd phase grown method, suppressing growth of said semiconductor trench structure or a 
side wall of a crevice preventing closing opening and space remaining in the interior, carrying out epitaxial 
growth onTy of Se pars P basilaris^ssis occipitalis alternatively, and embedding in invention according to claim 

[0016] Moreover, in invention according to claim 6, invention according to claim 7 uses said 'M*^* . 
epitaxy it vapor-deposits a metal of the same component as melt beforehand to said semiconductor^ i trench 
st ucture or a wall of a crevice in order to prevent a phenomenon in which melt does not permeate into the 
fnterior of said semiconductor trench structure, or a crevice with surface tension, and it 'J 1 ^^™*** 
making melt permeate into the interior of said semiconductor trench structure, or a crevice at the time of 

[0017] Moreover, it is characterized by invention according to claim 8 growing up ^^±^^1^1 
to which bearing is [ an angle component of movement of an atom contained in said atomic line or molecular 
bear! , by the atomtc line or molecular beam epitaxy, or a molecule ] equal within a perpendicular direction of 
said semiconductor substrate to 6 degrees in invention according to claim 1 , Z, orj Hppr . es an ande 

[0018] Moreover, invention according to claim 9 is characterized by making into less than 6 degrees an ^angle 
component of movement of an atom contained in said atomic line or molecu ar beam, or a molecule. from a 
JeTpendSar dTection of said semiconductor substrate in invention according to claim 8 by preparing a p.lla. 
in the air in a feed hopper of said atomic line or a molecular beam ^u-u-r Ba ;A 

[0019] moreover, invention according to claim 10 - claim 1 thru/or ; 9 -- in invention given in^ e.th er said 
semiconductor substrate consists of silicon and it is characterized by field bearing of the surface of this 

foT^Thafi 0 ; "oS^to^ of this invention, it is desirable to introduce high epitaxial 

L ^Ud^^£SSS between" fields. There are the following two methods as a method of raising 



f0021 I The I stTs the method of applying the atomic line or a molecular beam only to a specific field using 
he rectiHneaf propagaTion nature of a molecule, and growing up alternatively by the epitaxy meW using 
the atomic line or a molecular beam. That is. it is the method of applying the atomic line or a molecular beam 
onlv t Tears basilar?* ossis occipitalis of trench structure or concavo-convex structure alternatively, urging 
ep!t y ax^fg P rowtn making "ft hard to'hit a side wall, suppressing growth of a side wall, and making ,t opening not 

SOS] ™e P 2nd X is Method of performing selective growth using a difference of growth in a field where a 
growth rate is slow, and growth in a field where a dry area and a growth rate to , like .are quic ; using . the 
anisotropy growth effect, flattening being carried out, and it being easy to b ^ blbz ^-^J^^f. m , aw 
°L nurth iJxJL — liauid Dhase epitaxy (LPELiquid Phase Epitaxial) — although it appears most notably n law 
- vtor growth (CVC Chemical VaporDeposition) - it can obtain also by law and can obtain slightly also by 
the epitax^ rnethod using the atomic line or a molecular beam. In this case, a field which is easy to carry out 
flattening as a side wall If trench structure or concavo-convex structure is chosen, a dry area and a cone 
side are chosen as a base, a growth rate at the bottom is gathered, and it is made for opening not to be 
closed in epitaxial growth. 

[Embodiment of the Invention] Hereafter, the example of this invention is explained with reference to a 

fooe^ation gestalt of ** 1st] drawing 1 is the cross section of the super-cementation structure concerning 
1^1?^^ *?8t.lt ifcn^on. and drawing 2 - drawing 10 are the cross sections having shown 
main ^.S^ JTSSceMes for the super-cementation structure concerning the 1st operation gestalt of 
thtrinvent on Th?s g invention is concerned with the structure and the manufacture method of * resisting 
pressure field, and source structure and drain structure are arbitrary Therefore it ,s applied to IGBT 
(insulated-gate mold bipolar transistor), a bipolar transistor, a GTO thynstor, diode, etc. onprfltion 
[0024] Herf after, the manufacture method of the super-cementation structure concerning the 1st operation 
^stalt is exolained based on drawing 2 - drawing 10 . First, as shown in drawing 2 .the 
n-S P e "emic^ is P-P-ed. Subsequently, the insulator •«* 

as an oxide film used as the mask of epitaxial growth or a nitr.de, are formed in the surface field of this 
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n-type-semiconductor substrate 1. Subsequently, as shown in drawing 3 stripe-like ******** 2a is formed 
in an insulator layer 2 using the mask which is not illustrated. ******** 2a of a str.pe and width of face of 
the mask section are set to 1 micrometer thru/or about 20 micrometers 

[0025] Subsequently, as are shown in drawing 4 , and the epitaxial layer 3 of n mold which rose steeply at 
right angles only to ******** 2a is formed alternatively and it is shown in drawing 5 by the epitaxy using the 
atomic line or a molecular beam, or CVD or LPE, the concavo-convex structure of having the cross-section 
configuration of Kushigata is acquired. For example, when trench width of face is set to 5 micrometers ^.n a 
600V resisting pressure article, according to a U.S. Pat. No. 5216275 specification, the thickness of n mold 
epitaxial layer 3, i.e., the concavo-convex depth, is set to about 50 micrometers, and high impurity 
concentration is set to abbreviation 2x1 01 6cm-3. . 
[0026] When using silicon as a material and performing epitaxial growth using the atomic line or a molecular 
beam, growth conditions are set up as follows. Three kinds of next things can be used for the source , of 
silicon The 1st is the gas source and may use SiH3CI containing a halogen besides being Si^Hb, biH4, etc. 
as distributed gas, SiH2CI2. and SiHCI3 and S.CI4. The 2nd is Si solid-state source, may carry out 
reevaporation of this by electron beam irradiation, and may supply a molecular beam. Similarly the Jrd is bi 
solid-state source, and may supply the molecular beam by the Knudsen Cell. 

[0027] moreover — in order to carry out n mold doping by the epitaxy using the atomic line or a molecular 
beam — AsH3 of As or P of the solid-state source, or the gas source — or it uses PH3. In order to carry 
out p mold doping, the III group molecular beam of B or BH3 grade is used. 

[0028] When carrying out selective growth by the epitaxy using the atomic line or a molecular beam, the 
rectilinear propagation nature of an incidence atomic molecule line is used That is the amount of incidence 
of the molecular beam to ******** 2a considers as the conditions which become large a single figure ana 
more than it rather than the amount of incidence of the molecular beam to the side wall of an epitaxial layer 
3 and it is made for an epitaxial layer 3 to be extended to a perpendicular chisel by making almost 
perpendicular the direction of incidence of a molecular beam 6 to a substrate 1. as shown in drawing 4 . 
[0029] The ambient atmosphere of the growth chamber of the epitaxy equipment using the atomic line or a 
molecular beam is 10-3Torr to 10-10Torr. Since it is the ultra-high vacuum of a range, if the molecular 
beam with which bearing gathered from the various sources mentioned above since the average tree 
production process of a molecule was long enough is supplied, the selective growth using rectilinear 
propagation nature will become possible. As for the angle component of the molecular motion included in a 
molecular beam, it is desirable for bearing to have gathered within 6 degrees (tan6 degree**0.U 
[0030]-Therefo-rer as shown in drawing 12 . it is good-to-remove the molecule- which has the motion. velocity . 
component which separated the pillar 8 of the hollow for adsorption greatly from the direction perpendicular 
to anchoring and a substrate 1 in the outlet of the molecular beam from the molecular-beam source 7. Here, 
as for length L at the time of making the pillar 8 in the air cylindrical, it is desirable that they are 5 times of 
aperture r thru/or about 20 times. It is good for 1mm thru/or 10cm. and L to set aperture r to 5mm thru/or 
about 200cm with actual equipment. A component decreases as the angle component 9 of the movement 
direction included in the molecular beam supplied at this time is parallel to the pillar 8 in the a,r, its rate that 
a molecule with the speed of a direction perpendicular to a substrate occupies is the highest and it shifts 
from a direction perpendicular to a substrate, and most components shifted 6 degrees or more are not 
contained. Therefore, when the attainment molecule was incorporated by the crystal with deposit efficiency 
1 and approximated, the growth rate to the longitudinal direction of an epitaxial layer 3 becomes 10% or less 
compared with the growth rate to the upper part of an epitaxial layer 3 

[0031] It is good during growth to carry out the parallel displacement of the substrate at the same time it 
forms the pillars 8a-8c of the hollow for two or more molecular-beam adsorption and supplies a molecular 
beam from two or more feed hoppers of the molecular-beam source 7, as shown in drawing 13 when using 
the atomic line or a molecular beam for a substrate with a large area and performing epitaxial growth. 
Moreover, in order to raise the homogeneity within a field, without the molecular beam which has a bias in 
specific bearing continuing carrying out incidence at least to each part on the surface of a m SU .5^^^ r f m 
same time it equalizes the bias of the velocity compornent of an attainment molecular beam, it is good dur.nj 
growth to make a substrate rotate. . 
[0032] For example, when the diameter R of a substrate sets to 30cm, three feed hoppers of a molecular 
beam with an aperture of 1cm are prepared. The gap d between adjacent feed hoppers is set to 5cm, and 
sets distance D from the tip of a feed hopper to a substrate to 50cm. 

[0033] As mentioned above, in order that an angle component may supply to homogeneity the molecular 
beam which was equal to less than 6 degrees from the perpendicular direction of a substrate, generally the 
mechanical design of the epitaxial growth equipment using the atomic line or a molecular beam is good to 
carry out as follows. It is referred to as R/2=nd when the number of feed hoppers .s general y set to n 
Moreover the conditions of d/D<=0.1**tan6" are fulfilled. A molecular beam is supplied to all the locations 
on a substrate by this, and the deviation of a molecular beam is extracted to less than 6 degrees. Moreover, 
the vacuum chamber for growth does not become huge. 

[0034] Substrate temperature under growth is made into 0 degree C thru/or 1000 degrees C. the supply 
Pressure of a molecular beam is set on the substrate surface, and they are 10-3Torr thru/or 10-10Torr. It 
carries out. A growth rate is good to consider as the range of 0.01 micrometer/h thru/or 1 00 m.crometer/h. 
Here, it is necessary to choose growth conditions so that polycrystal may not be formed on the insulator 

layer 2 shown in drawing 3 . l. u j »u« 

[0035] Moreover, even if the polycrystal of a minute amount is formed, it must hold down to the range which 

does not affect growth of an epitaxial layer 3. If these conditions are considered, the most suitable growth 
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conditions will serve as substrate temperature of 600 degrees C - 800 degrees C, and a growth rate of 1 
micrometer - about 2 micrometers. Moreover, selectivity can be raised, if a laser light exposure and a 
synchrotron orbital radiation exposure are performed to the substrate surface during growth in order to 
suppress formation of polycrystal. 

[0036] Moreover, in order to suppress generation of polycrystal, it is also effective to supply the gas 
containing a halogen. A halogen has the etching effect and has the effect which removes the Po^crystal 
temporarily formed in the surface of an insulator layer 2. Therefore, it is also effective to use SiHCI3 and 
SiCI4 which contain many halogens as the gas source of epitaxy using the atomic line or a molecular beam, 
or to add HCI auxiliary, and to supply with Si2H6 and SiH4. 

[0037] Furthermore, since selectivity is raised, in addition to the rectilinear propagation nature of a 
molecular beam, the effect of the anisotropy of epitaxial growth can also be adopted. In this case, the field 
exposed to ******** 2a is unstable, and it is good to make it become a dry area and field bearing which 
becomes empty and where a growth rate is early. 

[0038] For example, when using a silicon substrate, it is advantageous to expose a field (11 ^) on the side or 
the epitaxial layer 3 which made the field (110) field bearing on the surface of a substrate, made the 
direction of a stripe of ******** the <1 1 2> directions, and was formed of epitaxial growth. Even if the field 
(1 1 1) of silicon has the property which carries out flattening and becomes stable, it is hard to make a 
nucleus required for growth and a nucleus is formed temporarily, the reason is removed by the etching 
effect and cannot maintain growth. 

[0039] The field (1 1 1) of silicon is exposed as a side wall of an epitaxial layer 3, and there are two 
advantages to stabilize. As the 1st grows an epitaxial layer 3, it is preventing extending an epitaxial I aye r3 in 
a longitudinal direction, and filling a crevice. In case the 2nd embeds a crevice with epitaxial growth further 
so that it may mention later, they are to prevent a opening's spreading in a longitudinal direction and a cavity 
remaining in bulk. „ . 

[0040] In order to stabilize a side wall more and to control a growth rate, it is good to use the etching effect 
Even if a crystalline nucleus is generated by the side wall, this will be removed by etching, will check growth 
and will be as near as the etching effect in the surface of an insulator layer. In order to heighten the etching 
effect it is desirable to supply the gas containing a halogen like the case on an insulator layer. 
[0041] On the other hand, since a field (110) tends to absorb a dry area and the atom which becomes 
empty as for the field (1 1 0), a growth rate becomes quick rather than a field (111). Therefore, it is good to 
make the upper surface into a field (110), for forming the long epitaxial layer 3 in a lengthwise direction to 
make the direction of a stripe into the <1 12> directions, and to make it a field (11-1) appear in a side wall as i 
result 

[0042] It is good to choose bearing where the substrate whose surface is not a field (100) or (1 1 1) a field is 
used, and a field (100) or (1 11) a field appears in the side for the same reason when using a gallium arsenide 
substrate as a material. . 
[0043] When using CVD for epitaxial growth, growth conditions are good to make substrate temperature into 
the range of 1000 degrees C thru/or 1700 degrees C, to supply gas, such as SiH4, SiHC13,.and S1H6, and to 
consider as the growth rate of the range of 0.1 micrometer/h to 100 micrometer/h. At this time whe JV . 
carrying out p mold doping, when carrying out n mold doping, III group content molecule gas, such as BH3, is 
supplied to V group content molecules, such as AsH3 and PH3, and is supplied to coincidence. 
[0044] When using LPE for epitaxial growth, growth conditions are set up as follows. It is good to melt in the 
melt of metals, such as Sn of the range of 600 to 1000 degrees C, and In, until it will be in a saturation state 
about Si to make the substrate of the same temperature contact, to lower the temperature gradually, and to 
consider as the growth rate of the range of 0.1 micrometer/h to 100 micrometer/h. In LPE, although Sn and 
In which are the component of melt are determined according to a phase diagram, they are hard to be 
incorporated in a silicon crystal. 

[0045] However, since it will be incorporated at several % to about 10% of a rate, when using LPE the 
technical problem that high impurity concentration is lowered remains. When carrying out n mold dope by 
LPE when carrying out p mold dope of the V group elements, such as As or P, III group elements, such as B 
aluminum, and Ga, are melted in melt, respectively, and melt is grown up into it. Moreover, when using In for 
melt, In is incorporated and it becomes p mold dope automatically. 

[0046] In CVD and LPE, selective growth is performed using the anisotropy growth effect. The explanation 
about the anisotropy growth effect is the same as the principle which was expressed using said atomic line 
or molecular beam in the case of epitaxial growth. Especially the growth suppression effect by facet 
formation of a silicon (111) side has strongest LPE, and, subsequently is strong in order of epitaxy using 
CVD the atomic line, or a molecular beam. [ of LPE ] Therefore, compared with epitaxial growth, stronger 
anisotropy growth can be obtained using the atomic line or a molecular beam. This point is a difference with 
the epitaxial growth which uses the rectilinear propagation nature of the atomic line or a molecular beam 
fundamentally. . . 

[0047] Thus, either method of epitaxy, and CVD and LPE is used using the atomic line or the molecular 
beam mentioned above, and the concavo-convex structure of having the cross-section configuration of 
Kushigata as shown in drawing 5 can be formed taking advantage of the feature of the growth principle 
[0048] As shown in drawing 1 1 , the insulator layer 2 which was used as a mask of epitaxial growth and 
which was shown in drawing 5 is removed from the substrate 1 which has the concavo-convex structure by 
which n mold dope was carried out. Subsequently, an insulator layer 4 is newly formed in the field of 
non-opening on the surface of a substrate as a mask of the epitaxial growth described below. 
[0049] In drawing 5 , after growth of an epitaxial layer 3 is completed, processing explained below is 
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performed. First, nitride 2b is deposited on the whole surface in CVD etc. so that etching may remove an 
insulating layer 2 and it may be shown subsequently to drawing 6 . Subsequently as shown in drawing 7 , 
polishing removes only nitride 2b adhering to the head field of an epitaxial layer 3, and only a head field 
exposes an epitaxial layer 3. Subsequently, as shown in drawing 8 , oxide-film 2c is formed in a head field by 
thermal oxidation or steam oxidation. Subsequently, selection ETCHUNGU removes on\y nitride 2b and it 
leaves only oxide-film 2c. Consequently, the structure shown in drawing 9 is acquired Oxide-film Zc is 
equivalent to the insulator layer 4 shown in drawing 9 here. That is. the structure of djraw!0g_9 can be 
acquired from the structure of drawing 5 by using two or more kinds of insulator layers properly. 
[0050] Subsequently, as shown in drawing 10 , the epitaxial layer 5 of p mold dope is grown up into a crevice, 
and a crevice is embedded. At this time, if the side wall of a crevice grows quickly, a cavity may remain in a 
crevice In order to prevent this, growth at the base of a crevice must be promoted controlling growth of a 
crevice side wall. Although the growth method of an epitaxial layer 5 can consider three kinds of epitaxy, and 
CVD and LPE using the atomic line or a molecular beam, in order to embed a trench, it needs to grow on the 
growth conditions described below, respectively. . 

[0051] When using epitaxy using the atomic line or a molecular beam, as shown in drawing 11 , the same with 
having stated in process of the selective growth to ******** 2a mentioned above, using the rectilinear 
propagation nature of the atomic line or a molecular beam, the atomic line or a molecular beam is supplied 
only to the base of a crevice, and it grows up to be a side wall on conditions which are not supplied if 
possible Therefore, it is desirable for distribution of the movement direction of the atom or molecule 
contained in the atomic line or a molecular beam to be less than 6 degrees like the selective growth 
mentioned above. However, as shown in drawing 14 , supposing the configuration of a crevice is bottom 
bulging slightly temporarily, in having carried out selective growth only to the base, a cavity may remain near 

a side wall. , , , . .. , , . • ■ 

[0052] Therefore it is desirable for the atomic line or a molecular beam to be feebly supplied also to a side 
wall and to grow up with 10% or less of low speed of a growth rate at the bottom. For that purpose, it is 
better for the movement direction distribution of the atomic line or a molecular beam to be the distribution 
in which the twist which is equal to Sharp also had less than 6-degree breadth in the direction perpendicular 
to a substrate rather. Since the velocity distribution of the atomic line shown in drawing ; 12 or a molecular 
beam fulfills this condition, it is suitable as a source of supply of the atomic line for embedding a crevice by 
the epitaxial layer, or a molecular beam. It is the same as that of the time of the selective growth which also 
mentioned above growth conditions other than the velocity compornent of the atomic line or a molecular 
- beam Furthermore, it-can double and use, and in that case, the anisotropy growth effect also sets field 
bearing of a side wall to (1 1 1). and makes it field bearing (1 10) on top. Consequently, the growth rate of a 
side wall becomes small and opening 13 stops being closed easily. ******** 
[0053] Also when using CVD for epitaxial growth, the same conditions as the selective growth to ******** 
2a mentioned above are used, and the anisotropy growth effect is used. 

[0054] When using LPE for epitaxial growth, growth conditions are the same as that of the thing ot the 
selective growth to ******** 2a mentioned above. However, as a cross section is shown in drawing 1 5 , 
melt 1 2 is crawled with the oxide mask or the nitride mask 4 which has covered the substrate surface, and 
the problem that melt 12 does not infiltrate into the interior of a trench with surface tension arises. In order 
to solve this, it is good to perform the following processes. 

[0055] As shown in drawing 16 , before performing epitaxial growth. 10nm cannot be found in the waM 
surface of a crevice, and about 1000nm of alloys 14 which added Si to the metal (usually In or Sn) of the 
same component as melt 12 is vapor-deposited. The wetting (compatibility) of melt 12 and a substrate 1 
becomes good by this, surface tension is conquered, melt permeates into a crevice and the epitaxial growth 

of it becomes possible. rr «.-n 

[0056] Moreover the following technique is effective in order to pull out the anisotropy growth effect still 
more strongly. Namely, Si which is a medium in melt is efficiently conveyed to a crevice base from from 
outside opening 13, and in order for Si to make it be easy to be incorporated on a base by the crystal, a 
temperature gradient is given in the depth direction of a trench. Although it is desirable for the temperature 
of a trench pars basilaris ossis occipitalis to be ideally lower than opening 13 10 degrees C or more, you may 
be about 1 degree C. . 
[0057] Thus, a trench is embedded with epitaxial growth and, subsequently the insulator layer mask 4 
mentioned above is removed. Subsequently, it wraps in order to carry out flattening of the surface, and 
super-cementation structure as shown in drawing 17 is completed. 

[0058] In the process which forms [operation gestalt of ** 2nd] super-cementation structure, the 
concavo-convex structure stated with the 1st operation gestalt may not be formed with epitaxial growth, 
but the high trench structure of an aspect ratio may be formed by etching. 

[0059] That is by etching, to n mold or p mold substrate with which the deep trench was formed, epitaxial 
growth of p mold or n mold is performed, and a trench is embedded. At this time, epitaxy and the various 
growth methods of CVD and LPE can be taken like the 1st operation gestalt using the atomic line or a 
molecular beam. Growth conditions and the process after growth are the same as the 1st operation gestalt. 
[0060] The formation method of the periphery section resisting pressure structure of [operation gestalt ot 
** 3rd] super-cementation structure is explained. Generally, periphery section resisting pressure structure 
has low high impurity concentration, and it is desirable that it is high resistance. Furthermore, it is common 
that it is the same the 1**** type as a substrate. In order to attain this, after the structure shown in 
drawing 1 8 is completed, as shown in drawing 1 9 . etching removes the periphery section. Subsequently, the 
surface field of super-cementation structure is protected with the masks 15, such as an insulator layer, and 
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as shown in drawing 20 , the epitaxial layer 16 with low doping level is anew grown up to be the periphery 
section removed from etching. Subsequently, a mask 15 is removed and the surface is wrapped. 
Consequently, the super-cementation element which has the resisting pressure layer 16 is completed. In the 
surface field of the resisting pressure layer 16, as shown in drawing 21 , a guard ring 17 is formed or, 
otherwise, resisting pressure structures, such as a high resistance nitride, are made. 

[0061] The growth process of an epitaxial layer 16 does not need to be selective growth, and since a mask 
15 is removed after growth, polycrystal may adhere to the surface of a mask 15. Therefore, if the growth 
conditions of an epitaxial layer 16 are ranges which do not spoil crystal linity, it is not necessary to specify 
them severely. 

[0062] The eel configuration of [operation gestalt of ** 4th] super-cementation structure does not 
necessarily need to be a stripe-like, for example, as shown in drawing 22 , it may be a checker-like. As it 
**** and the 1st example described, when using the anisotropy growth effect as a means of selective 
growth, the side wall of a trench needs to be a unique side and field bearing must be chosen carefully. When 
using the rectilinear propagation nature of the molecular beam in epitaxy using the atomic line or a moleculai 
beam, it is not necessary to choose field bearing of a side wall carefully. 
[0063] 

[Effect of the Invention] The 1 st production process which carries out the mask of a part of surface of the 
semiconductor substrate of the 1st conductivity type according to this invention as explained above, Since ii 
has the 2nd production process which forms the concavo-convex structure of growing up the 
semiconductor epitaxial layer of the 1st conductivity type or the 2nd conductivity type into the portion by 
which a mask is not carried out at the 1st production process alternatively, and having the cross-section 
configuration of Kushigata into it By forming the semiconductor irregularity structure of having the 
cross-section configuration of Kushigata, with epitaxial growth, the thing equivalent to the high trench 
structure of an aspect ratio can be offered, without receiving a process damage. A damage removal 
production process becomes unnecessary by this, and it becomes advantageous in order to form 
semiconductor super-cementation structure [ that it is quality and low cost ]. 

[0064] Moreover, it is the feature to acquire super-cementation structure by embedding concavo-convex 
structure or trench structure with 1 time of epitaxial growth, since it has the 1st production process which 
carries out the mask of the non-opening of the semiconductor trench structure of the 1st conductivity 
type, or concavo-convex structure, and the 2nd production process which the semiconductor epitaxial layer 
of the 2nd conductivity type is alternatively grown up into the interior of semiconductor trench structure, or 
a crevice, and embeds semiconductor trench structure or a crevice by the semiconductor epitaxial layer. 
Since opening is closed during growth, it has been made difficult to embed the high trench of an aspect ratio 
by the epitaxial layer conventionally. However, the method of embedding by the epitaxial layer is offered by 
doubling and using use of epitaxy or the anisotropy growth effect by CVD and LPE, or these both using the 
atomic line or a molecular beam, without closing opening, even if it is the high trench of an aspect ratio. 
Moreover, in order that epitaxial growth may finish at once, compared with the method of repeating ion 
implantation, it is hard to receive a process damage and impurity contamination, and has the feature that 
quality super-cementation structure can be mass-produced by low cost. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section of the super-cementation structure concerning the 1st operation gestalt 
of this invention. 

[Drawing 2] It is the cross section (the 1) having shown main manufacturing processes for the 
super-cementation structure concerning the 1st operation gestalt of this invention. 
[Drawing 31 It is the cross section (the 2) having shown main manufacturing processes for the 
super-cementation structure concerning the 1 st operation gestalt of this invention. 
[Drawing 4] It is the cross section (the 3) having shown main manufacturing processes for the 
super-cementation structure concerning the 1 st operation gestalt of this invention. 
[Drawing 5] It is the cross section (the 4) having shown main manufacturing processes for the 
super-cementation structure concerning the 1st operation gestalt of this invention. 
[Drawing 61 It is the cross section (the 5) having shown main manufacturing processes for the 
super-cementation structure concerning the 1st operation gestalt of this invention. 
[Drawing 71 It is the cross section (the 6) having shown main manufacturing processes for the 
super-cementation structure concerning the 1 st operation gestalt of this invention. 
[Drawing 8] It is the cross section (the 7) having shown main manufacturing processes for the 
super-cementation structure concerning the 1st operation gestalt of this invention. 
[Drawing 91 It is the cross section (the 8) having shown main manufacturing processes for the 
super-cementation structure concerning the 1st operation gestalt of this invention. 
[Drawing 101 It- is the cross section (the 9) having shown main manufacturing processes for the 
super-cementation structure concerning the 1 st operation gestalt of this invention. 

[Drawing 1 11 It is drawing for explaining using the rectilinear propagation nature of an incidence molecular 
beam in the case of carrying out selective growth by MBE. 

[Drawing 1 21 It is drawing for explaining the case where a molecule with the motion velocity component 
greatly separated from the direction perpendicular to a substrate is removed. 

[Drawing 1 3l It is drawing for explaining the case where epitaxial growth is performed to a substrate with a 
large area by MBE. 



[Drawing 14 



[Drawing 1 5 



[Drawing 16 



[Drawing 1 7 



[Drawing 1 8 



[Drawing 19 



[Drawing 20 



[Drawing 21 



[Drawing 22 



It is drawing for explaining other examples in the case of using MBE for epitaxial growth. 
It is explanatory drawing in the case of using LPE for epitaxial growth. 

It is explanatory drawing showing other examples in the case of using LPE for epitaxial growth. 
It is drawing showing the completed super-cementation structure. 
It is drawing (the 1) for explaining other operation gestalten of this invention. 
It is drawing (the 2) for explaining other operation gestalten of this invention. 
It is drawing (the 3) for explaining other operation gestalten of this invention. 
It is drawing (the 4) for explaining other operation gestalten of this invention. 

It is drawing for explaining the operation gestalt of further others of this invention. 

[Description of Notations] 

1 N-type-Semiconductor Substrate 

2 Oxide Film or Nitride Mask 
2a ******** 

2b Nitride 
2c Oxide film 

3 N Mold Epitaxial Layer 

4 Oxide Film or Nitride Mask 

5 P Mold Epitaxial Layer 

6 Molecular Beam 

7 Molecular-Beam Source 

8, 8a-8c Cylinder for molecular-beam adsorption 

9 Velocity Distribution of Molecular Beam 

10 Parallel Displacement of Substrate 

1 1 Rotation of Substrate 

12 In or Sn Melt Which Dissolved Si 

13 Opening 

14 Alloy 

15 Mask 

16 Epitaxial Layer 
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1 7 Guard Ring 
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cc 1 nfttt^tB^t* 1 n***0ii**i-Ct«btt«cpaF 
-^4feS 0 

50 [0 04 6] CVD^LPEtU a^ttSEsa* 



(6) 

9 

(1 1 1 ) WOy-r^v nefltCCj:4jafi»IWBa*ttL 
PE*s«fc3£<. CVD, fctt^* 

[0 04 7] CCDcfcMt, ±^b/cM«Si/c«^^ 
W^xt'HV-, CVD, LP E<Dl<**?1nfr<D'ft 

[0 048IH1 ltcS1*J:5K:, nSS F-^SftfcM 

[ 0 0 4 9 ] H5K:fcl»T. it'^f S/t;H3©)SS 
*6»H2*i^^>^c<fcOI»*U. 0 6 Kin 

-r&„ ato-c. mitten xt^t'>t^i3 
c-cggfbKzcti, gi9^*-r^ifi L <ii4ccti^-r^>o -r 

[0 05 0] ;fct»T\ HI 0CCSV3\fc5«:. pSF-"/ 

£ /ctt#^*§£/E I >T xt^^- CVD, LP 
[ 0 05 1 ] K8i/dJ»«?:fflt^xfH'>- 

*tt5»^B\ hi nc^Tct^tc. ±ai>fcKBBw» 

/c»^f-«©ittiitt*5piJffl It, mW©JKffl/c»«cJBl-T- 
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l». /c/cl, n 1 46C^-r<fc^tC, (SO^UaSBOJF^^ 
[0 05 2] ffioT, Mfifcfc«l3teIS^tt*fctt#^ 

K^ea&sn. sfficDStfiaso 1 0 ^WTofiiiar 

T****J:l>. HI 2«C5*0fcl!^«*fctt#-f»© 
ffiiJMcDffl^fi^ (lll)iU ±®<Dffi#{i 

(1 10) i-rs. -tois*. wjisoffifijfia^s < 

[0 05 3] Jf^^t ;H&6K:CVD£ffi5J8^ 
fe. J^b/cSKBaWBB2a^atR^fiiigiD^fl=S:ffi 

[0 05 4] xt^ + ^ + ;l/R3EStCLPE«:«!>»^, 
J5SJKfeW=tt±aS0«:*HWBP2 a ^©3tRjafi<0 
pj*§-c&£ 0 /c/cl, HI 5«:KffiH*>R"i"J:5K:. S 
SSI® £ a -5 T (, > £ BK tfl& -7 * # * tc ttMi km v * * 4 
K: J: 1 2WJC*h. Sffi3g^J^J:0 Fl/>?rt 
gMCBKKl 2«lAl^^l^fW40^ Chi: 

[ 0 0 5 5 ] 0 1 6&£7Kr£MC v xfcT#*^i*JW£fi 
*tT Rkjft 1 2 il^D^CD^R I n £ 

/cBSn) ICS i4Mfe^l4 4, KiSlkDISffiK: 1 
0nm^^ll 00 0nmgglft^ o CftCt <fc OS 
«1 2t»«l ±<Z>aMi (Sffltt) *«J:< aficO. 

3SK 0 r MWttfi m SB oc« A U , xt^+^t;W 

[0056] ttc »*ttstfia**se>tc^<?i*ai 

ffjtctt b u > ^«»©iais*5PBPa 1 3 ct 0 «> 1 0 9 c« 
±m>c t&m* 1 'cga-e*^r«> ±1*. 

[0 0.5 7 ] COcfc ^ CC h U>^£xb*£*^ + JWa;g 
[0 05 8] [*203ttSJB«]ifflS#«fi«:»flc , r*« 



(7) 



XL 



to 05 9 ] ~$ut>%. xyfytnc^^xm* FU> 

if. »K0HJfiJKS8iEHifC, 
Watffl^it^t^-, CVD, LPEcoSS^c 

t»3fitt^*e*aia««(a < . iWBtar* * c <t u 
*s. cn£jij$T£/c#>&c v m i 8 cc^-r^tit^^c 

DBS****. #t>"C, jB&£tttt<D3in«Jti£t&tmtt 

1 6 ^Wt^aiM^lSf WffJi 1 6CDftffi 
H2 ICCtSTJiO^C, #-F!J>f 1 7*JB 

tr. 

[0 0 6 1 ] xfcr£*^*Jl/Ji 1 6<DSES»SW. SIS? 

[0062] [j» 4©^at^«]«as^«jft<o-fe^?Btt 
©®#{i * ma k: a-fejja? «& i > . 

[0 06 3 ] 40 
6U:ia?l!bteJ:5«c*»"HK:j:ntf. » 

i ^ms©*^#sts©*M©— 8P£*^* vtz>% i © 
emcs* i araasfctt# 2 «*sa©*»# +^ r 

& a ctifciO^-^BfcSia^BtftO. IRAK 50 
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a*. 

j£trf|l2©xa±*»**<£>:^ IHJi!3«3&£/c('2 h u> 
lia©it:**v+;l/RSfi-caa6iitrci«:j: 

* bJ±CDBo H u>*£xfc # £* W;VJBTra&i4t*C 

V-SEfcttCVD, LPECCj:4a*ttfiR*J»JR<0W 
*K FJt©*c> h u>*^*^Tfcl«P»&** 

[HB©tt#fcBWI] 

I"H 1 ] -fr§moM 1 ©Hi6JKacc«to«ji«!^«Jfi*0" 
[0 2 ] #*?JI©» 1 ©jOfc»«lc«*>4jlH»£«iS* 

iett«*xa**L/fcKffiia (*©i > 

[(3 3 ] 1 ©**»l»te«;ba«tt^«ia«r 

£»tt«iftxa**OfclRBBia (-e©2> -e&£„ 

[(3 4 ] *»W©» 1 ©HJ6»J!»CC^t>SiHlg^«JS«: 
3EKa«BSxa**L/fcKfflH (*©3> ^'^>^o 

[05] *»b^©» 1 <OHJBBIB«:«toSiH»^*J6* 

isa«jtxa*7SLfcKffiH (-e©5> 

ifitt*3txa47SbteRffiia (*©6) T^^ 0 
3E»ttJK3ftia**l//cRffiH (*©7) 

[19] *mxom 1 ojOfc»«fc«*>*ffl«*flHfi* 

£Stt»iftxa*^L//c»rIBEa (*©8) 
[010] *'^b^©^ 1 4ffl«^flia 
*i«a»jaxa*^bA:Kfflia <*©9) 

[011] MBEt»{R«*tS»^ AW»^© 
Biitt**jmr4Ci*iai!B"r4/c8t>©H"C**. 

[012] siR(cait&*rsj*>6*# < s»n?di«jji& 

[013] HSI©J£^S15^MBErxf»*t/^^flc 
[014] xtr**l/ + JUJ«ftCCMBE*«5»*©ffi 
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[HI 5] if * + ^ + Jl/«ES0CLPE«:ffi ; 5a^©gtt 

[0i7] ®& s n /chs£«i* *s*-r h 
) r&& 0 

[019] *^Offi©ISl!*ff5!!8*l»W-rs/c*©H 
(-£<D2 ) T'&& 0 

[020] **W©ft©SOlOB«*B4?B"J"4te«>Oia 
(^-CD3 ) T#& 0 

(f©4) -C£>& 0 

[022] ^ItHJCD? 6CcffeCDH*6J^S8€:SiWr *^«> 
GD0-C£>6« 

1 nS*i*St 

2 WUI*Wi«t*v** : 



AMUR 



10 
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* 2 a 
2 b 

2 c 

3 nSit^tVt^l 
BHtiB£A:i*3fbK^** 

8 a- 8 c #^«(R*fl«f 

S i *jgf»t/fc I n£/cJ*Sni 



4 
5 
6 
7 
8, 
9 

1 0 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 



K 'J > f 



[HI ] 



[B92 1 
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[02 0] 
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